ABSTRACT: Small demersal fishes were collected along the central Oregon coast using a shrimp trawl with small-mesh liner. The trawl was deployed bimonthly in 1989 along 3 transects and along a single transect in March 1989 to 1994. Forty species, 19 of which are not commercially important and rarely reported in other studies, occurred in > 5% of the samples. Species assemblages were structured primarily by depth, with mid-shelf stations dominated by flatfishes; on the outer shelf and slope, gadids, scorpaenids, osmerids, and zoarcids were also important. Additionally, 4 out of 5 identified station groups were more closely associated with a single season. Seasonal assemblage structure included a broad range of species whose distributions shifted inshore in summer. This phenomenon, previously described for only a few species off Oregon, further accentuated the correlation of assemblages with depth. Seasonal shifts in distributions appeared to be a function of juvenile settlement and ontogenetic changes in nursery habitat and of seasonal inshore-offshore movements of individuals of many sizes, which indicated that sediment type was not the only feature important in habitat selection. March assemblages were weakly structured by interannual differences, in spite of environmental conditions ranging from the cold La Niña of 1989 to the warm El Niño of 1992. The largest annual differences were among short-lived species and likely reflected differences in recruitment. This study targeted smaller fish than are collected in most bottom trawl surveys and illustrates the importance of seasonal changes in habitat for smaller fish and the value of understanding all life stages in a demersal fish community.
INTRODUCTION
A key principle of ecosystem-based fisheries management is to take a broad view of the patterns of distribution and associations of all potentially interacting species and life stages within a system rather than focus on single-species abundance trends (Pikitch et al. 2004 , Francis et al. 2007 . It is also critical to examine the physical features which influence these patterns, and how these features may vary spatially and temporally. An initial step in this process is the identification of fish assemblages and evaluation of their stability and sensitivity to environmental variations.
The soft-bottom habitat of the continental shelf and slope is characterized by a diverse fish fauna with many commercially important species. In the northern portion of the Oregonian zoogeographical province (Briggs 1974) , most studies to date have examined species distribution and community structure of these fishes based on collections with large-mesh commercial bottom trawls (e.g. Day & Pearcy 1968 , Alton 1972 , Rogers & Pikitch 1992 , Jay 1996 , Lee & Sampson 2000 , Tolimieri & Levin 2006 , Juan-Jordá et al. 2009 ). These studies describe demersal fish communities that are broadly structured by depth and relatively stable, characteristics also common in other regions (e.g. Mahon & Smith 1989 , Labropoulou & Papaconstantinou 2000 .
Because of sampling restrictions due to mesh size, the recently-settled juvenile stages and adults of taxa that do not grow to a large size are seldom collected on soft-bottom environments, and generally in a nonquantitative fashion. Knowledge of recently-settled juveniles is important because the pelagic-to-benthic transition has been identified as a critical life history stage for some species (e.g. Blaxter 1988) and abundance and dynamics of recently-settled juveniles can be a better indicator of adult recruitment than earlier larval stages (Bradford 1992 , Myers & Cadigan 1993 , Houde 2008 ). The few surveys that have targeted juvenile and small adult fishes in the northern California Current (e.g. Demory 1971 , Pearcy 1978 , Krygier & Pearcy 1986 , Toole et al. 1997 , Donohoe 2000 have focused primarily on a single species or taxonomically related groups of species (flatfishes) and have not examined overall species assemblages.
The west coast of North America is a typical eastern boundary system that is highly variable seasonally and interannually due to the dynamics of wind-driven upwelling on the shelf and larger-scale physical forcing from the subarctic Pacific and, during El Niño conditions, from the tropics (Huyer et al. 2007) . During the summer (April through October) upwelling period, equatorward wind stress displaces the surface layer offshore by means of Ekman transport, and these waters are replaced with cooler, nutrient-laden deep water, leading to generally high production compared to non-upwelling zones at similar latitudes. During the remainder of the year, the predominant source of winds is from the southwest, leading to coastal downwelling and onshore transport. Marine fishes in this region have developed reproductive adaptations for retention of eggs and larvae within the productive coastal zone, primarily through spawning during the winter months (Parrish et al. 1981 , Shanks & Eckert 2005 , Brodeur et al. 2008 . Settlement of juvenile fishes to demersal habitats occurs primarily from late spring through early fall (e.g. Pearcy et al. 1977) .
Benthic habitat along Oregon's narrow continental shelf is composed primarily of soft substrate, grading from coarse sand and shell at shallow depths to finer sand on the inner and middle continental shelf (extending to ~100 m depth) and fine silt and mud on the outer shelf (~100 to 200 m) and slope (> 200 m) (Runge 1966 , Romsos et al. 2008 . Rocky reefs and rock outcrops also punctuate the inner shelf area. Bottom temperature and dissolved oxygen generally decrease with depth and distance from shore, while bottom salinity generally increases with depth (Carey 1972) .
The purpose of this study is to examine community structure of small demersal fishes along the central Oregon coast based on the dominant species. We examined (1) within-year changes based on bimonthly collections along 3 transects during 1989 and (2) among-year changes based on March sampling from 1989 to 1994 along a single transect. These surveys were designed to capture late-larval and juvenile postsettlement flatfishes (Toole et al. 1997 , Donohoe 2000 , but the entire trawl contents were identified. We use these additional data to describe spatial and temporal variability in community composition and structure and to identify species that may be indicative of the various communities.
MATERIALS AND METHODS
Survey design. Demersal fishes were collected from sampling stations along 3 transects orientated perpendicular to the isobaths off Netarts Bay, Cape Foulweather, and Heceta Head (Fig. 1) . Each transect was 18.5 km wide and divided into 6 depth strata delineated by the 50-79, 80-99, 100-119, 120-159, 160-219, 220-400 m isobaths. The first 2 strata (50 to 99 m) correspond to Allen & Smith's (1988) 'middle shelf' zone, the 3 strata between 100 to 219 m are primarily within the 'outer shelf' zone, which ends at 200 m, and the 220 to 400 m stratum is within the 'mesobenthal slope' zone. Tows were made from the same vessel at random locations within each depth stratum with the exception that rocky areas were avoided. A commercial shrimp trawl (27.4 m headrope, 28.5 m footrope) lined with a 6.4 mm mesh cod end was towed during daylight hours for an average of 9 min along the isobaths (~0.3 km at ~2 km h -1 ). Although the vessel captain standardized tows based on past experience determining time for the gear to settle and effectively fish on the bottom, net sounder data available from a subset of surveys indicated that actual time on the bottom was variable and not predictable based on depth or recorded time and distance. The efficiency of the net for catching and retaining most species was also unknown. Because net efficiency and the area swept could not be quantified, the number of each species caught during each standardized tow (catch-pertow) was used as an estimate of abundance. Some analyses were also performed using presence/absence data to determine if the results were robust in light of uncertainty regarding abundance estimates.
During 1989, sampling was conducted in January, March, May, July, September and November on all 3 transects. At least 3 tows were attempted in each depth stratum of each transect during a cruise, but the number of successful tows was sometimes less. During 1990-1994, sampling was conducted primarily in March on the Cape Foulweather transect, so with the addition of the March 1989 sampling, a total of 6 years were sampled to examine interannual variability along one transect in one season.
All fish were identified to the lowest possible taxon and counted. Many of the smaller fish were frozen or preserved in formalin at sea for subsequent identification and measurement in the laboratory. Most fish were measured to the nearest millimeter or centimeter, although large catches were subsampled. Location, depth, and surface temperature (°C) from a hullmounted thermometer were recorded for all samples. Bottom temperature (°C) was recorded for 1991-1994 samples from a Seabird profiler mounted on the net. ) at 44°N 125°W and from the NOAA Earth Research Laboratory (www.cdc.noaa.gov/people/klaus.wolter/MEI/) for the multivariate El Niño-Southern Oscillation index (MEI, expressed as the standardized departure from the first principal component on the covariance matrix). An index of 1989 average monthly bottom temperatures (°C) at the mid-shelf (100 m) off Newport was estimated from the regression of Kruse & Huyer (1983) using monthly sea level heights from Neah Bay, Washington (ilikai. soest. hawaii. edu/uhslc/woce.html).
Data analysis. Prior to analysis, a fourth-root transformation was applied to the catch-per-tow abundance index to reduce the impact of very large catches. Because transformed catch data and diversity estimates were not distributed normally (Shapiro-Wilkes test, Madansky 1988; p < 0.001) and variances were unequal for most of the comparisons (Levene's test, Brown & Forsythe 1974 ; p < 0.05), we calculated median (instead of mean) catch per tow, diversity, and evenness and used the non-parametric Kruskal-Wallis (K-W) test (Kruskal & Wallis 1952) to evaluate differences in medians among depths, months, and years. Confidence intervals of the medians were calculated with Moods Median test (Brown & Mood 1951) . Diversity was measured as Shannon's H ' = -Σ p i log p i , in which p i is the probability that a randomly selected individual belongs to species i (Shannon & Weaver 1949) . The index is summed over all species and has a maximum value of ln(total no. of species), or ~3.6 in this study. Evenness was measured as Pielou's (1977) V ' = H '/ ln(total no. of species), which ranges from 0 to 1.
To reduce the potential for spurious correlations from rare species, we restricted the analysis to species that occurred in at least 5% of the samples. We excluded vertically migrating species of the family Myctophidae that were caught occasionally in large numbers, possibly while the net was being set or retrieved. We also excluded one higher level taxonomic group (Sebastes spp.) that occurred in over 5% of samples so that all taxa would be at the species level.
We used 3 sets of multivariate analyses to explore relationships among species and the relationship between species and explanatory variables (McCune & Grace 2002) :
(1) Multi-response permutation procedure (MRPP; Mielke et al. 1976) , an iterative, nonparametric procedure, was used to test hypotheses that there were no differences related to depth stratum, month, transect, and year among groups of stations. The test's 'A-statistic' indicates the degree of within-group homogeneity, compared to random expectation. When all items are identical within groups, A = 1; when within-group homogeneity equals that expected by chance, A = 0; and when it is less than that expected by chance, A < 1. The distance matrix for stations and species used the Bray-Curtis distance measure, which retains sensitivity in more heterogeneous datasets and gives less weight to outliers than Euclidean distances (McCune & Grace 2002) . The Bray-Curtis distances were then rank-transformed to further correct for the loss of sensitivity of distance measures as community heterogeneity increases (McCune & Grace 2002) . Sample weighting was equal to n/Σ(n). Each grouping factor was treated separately in the MRPP analysis and interactions between depth and season were inferred from an examination of changes in the depth distribution of each species by season, including significant indicator species. A procedure that would have simultaneously tested for interactions among variables, such as PER-MANOVA (Anderson 2001 , McCune & Grace 2002 was not possible because they require a balanced sampling design, with equal numbers of stations in each depth stratum during each month.
(2) We used a 2-way agglomerative hierarchical cluster analysis based on Bray-Curtis distances and the flexible beta (β = -0.25) linkage function, which is equivalent to Ward's hierarchical linkage function (Sneath & Sokal 1973 , McCune & Grace 2002 , to arrange both stations and species into homogeneous groups. When each station or species is considered a cluster, 100% of information is retained and when all are lumped into one cluster, 0% of the information remains. We searched for a balance between a meaningful number of clusters and retention of as much information as possible.
(3) Indicator species analysis (ISA; Dufrene & Legendre 1997) was used to identify species that were abundant within a group of stations as well as restricted primarily to that group. Indicator values range from 0 (no indication) to 100 (dominant and found only in that group). All multivariate analyses were conducted using PC-ORD v.6 (McCune & Mefford 1999) .
RESULTS

Species composition and distribution
A total of 153 taxa were collected from all stations and sampling dates (473 total samples) considered in this study. Most taxa were rare, with only 40 species occurring in > 5% of total samples (35 species in the 1989 seasonal collections and 33 species in the March 1989-1994 interannual collections) ( Table 1) .
The most common group of species occurring in at least 5% of samples was the flatfish (11 species in 2 families). Four flatfish species (Pacific sanddab Ci tharichthys sordidus, rex sole Glyptocephalus zachirus, slender sole Lyopsetta exilis, and Dover sole Microstomus pacificus) were collected in at least 60% of samples. Other families with 3 to 4 common species each were Zoarcidae (eelpouts), Scorpaenidae (rockfishes and thornyheads), and Agonidae (poachers).
Although some species were distributed within a relatively narrow depth range, many were collected over most of the continental shelf and slope. The species with the widest depth distributions are known, in some cases, to change depth with ontogenetic development (e.g. Dover sole: Toole et al. 1997 and Pacific sanddab: Donohoe 2000) . We considered splitting these species into ontogenetic 'pseudo-species' with more restricted depth distributions. However, it was not possible to assign life history stages from field observations for most species. Additionally, after examining size versus depth plots for each common species, we determined that the patterns were too variable to objectively define 'pseudo-species' based on size or location. For example, English sole Parophrys vetulus initially settled in very shallow areas not sampled in our study and then moved into progressively deeper water as they matured (Fig. 2) . In contrast, recently settled Pacific sanddab moved from the outer shelf and slope to inshore areas <175 m depth (Fig. 2 ), where they remained as they matured. Dover sole had a more complex pattern. They settled as small juveniles on the outer continental shelf and slope, moved inshore to nursery areas <150 m depth, and after growing tõ 20 cm, moved into progressively deeper water (Fig. 2 ).
Seasonal community structure in 1989
The seasonal pattern of environmental conditions along the central Oregon coast in 1989 was characterized by downwelling during winter months (January to March and November to December), with particularly strong downwelling in March (Fig. 3) . Upwelling dominated during summer months. An index of bottom temperature generally indicated warmer bottom temperatures at 100 m during the downwelling season than during the upwelling season, with the warmest bottom temperature in March 1989. Surface temperatures were cool and relatively constant over the continental shelf and slope during the winter downwelling season. During the summer upwelling season, nearshore surface temperatures were cool while offshore temperatures were warm.
Median catch-per-tow for all months combined varied with depth (K-W, p < 0.01) (Fig. 4a) , and the highest catches occurred in the 120 to 159 m depth stratum. Median diversity (H ') also varied with depth (K-W, p < 0.01; Fig. 4b ), with highest diversity in the 100 to 119 m and 120 to 159 m depth strata. Median evenness (V ') was very high (> 0.95) in all depth strata. When all depths were combined, median catch-pertow was at least twice as high in the study area during the winter months of November, January, and March as in the summer months of May, July and September during 1989 (K-W, p < 0.01) (Fig. 4c) . H ' also was higher during winter than during summer months (K-W, p < 0.01) (Fig. 4d) . V ' was high (> 0.95) in all months. In contrast to catch-per-tow, species composition across all depths ap peared fairly consistent among seasons (Fig. 5) . A few species, such as shiner surfperch Cymatogaster aggregata (Embiotocidae in Fig. 5 ), were clearly most common in only one season, but in general, differences among months were more subtle.
MRPP analysis revealed strong differences in community structure by depth, statistically significant but smaller differences in community structure by season, and very small, but statistically significant, differences among the 3 latitudinal transects (Table 2) . These results were nearly identical when presence/absence data were used for the comparisons. Pairwise comparisons indicated that all depth strata were significantly different, with the least differences among adjacent strata and greatest differences for those strata with the greatest separation. Of the adjacent depth strata, those that were most similar (i.e. with lowest 'A-statistic' values) were the 80 to 99 m and 100 to 119 m strata. All pairwise comparisons of months showed significant differences; however, the strongest similarities were within winter (November, January, March) and within summer (May, July, September) months.
Hierarchical cluster analysis also indicated a fish community structured primarily by depth and season (Fig. 6 ). Clustering identified 2 groups of stations when 8% of the total information remained. These groups were comprised of 157 stations that were mainly on the outer shelf and slope and 123 primarily mid-shelf stations. With 18% of information remaining, the deeper group was further subdivided into 'Outer shelf and slope/summer' and 'Outer shelf and slope/mixed season' clusters of 54 and 103 stations, respectively. The stations at shallower depths were subdivided into 'Mid-shelf/summer' (57 stations), 'Mid-shelf/winter' (38 stations), and 'Outer shelf <160 m/ winter' (62 stations). In this classification, summer and winter correspond to the months identified in the MRPP analysis. The most closely related station clusters were the Outer shelf <160 m/winter and Midshelf/winter groups. Splitting the station clusters further yielded small incremental increases in information, with 13 clusters required to exceed 30% of remaining information. Most of the subsequent splits identified small groups of more homogeneous stations, particularly among the deeper stations, and did not substantively add to our general interpretation of the station structure.
The relation of species to the station clusters is displayed in Table 3 and Fig. 6 . When the hierarchical cluster analysis dendrogram was pruned with 33% of information remaining, 5 groups of species resulted. Additional subdivisions did not appear meaningful since the 6th group consisted of only one species and (Fig. 6 ). Species Group III was nearly equally distributed among all but the Outer shelf and slope/summer station cluster. All but 4 of the 35 species were significant indicators of a station group. The indicator species identify the single station cluster that best fits each species, but several species, particularly those in Species Groups II and IV, were common in more than one station cluster (Table 3) . Flatfishes, particularly Pacific sanddab, dominated the 2 mid-shelf and the Outer shelf <160m/winter station clusters, comprising 5 to 7 of the 10 most important species in each group (Table 3) . Two species of smelt, shiner surfperch, and Pacific tomcod Microgadus proximus were also very common. Species that were less common, but had a high affinity for these station groups, included 2 species of sculpin, northern anchovy Engraulis mordax, and the northern spearnose poacher Agonopsis vulsa (Fig. 6) . The main seasonal difference for the mid-shelf clusters was the higher importance of whitebait smelt Allosmerus elongatus and shiner surfperch during the winter and higher importance of rex sole and slender sole during the summer (Table 3) .
Flatfish were less important in the 2 outer shelf and slope station clusters, comprising only 3 or 4 of the 10 most important species in each group (Table 3) . Eulachon Thaleichthys pacificus, Pacific hake Merluccius productus, 2 rockfish species, bigfin eelpout Lycodes cortezianus, and the blacktip poacher Xeneretmus latifrons were also very important. Other rockfishes and thornyheads, eelpouts, pricklebacks (Stichaeidae), and Pacific hagfish Eptatretus stoutii were less common but had a high affinity for these station clusters (Fig. 6) . The main seasonal difference for outer shelf and slope clusters was the high summer importance of Pacific hake and eulachon compared to their importance during winter (Table 3) .
Many species shifted distribution across seasons, occurring at greater depths during the winter months and shallower depths during the summer (Fig. 7) . Indicator species analysis for the 6 depth strata identified 13 species (37%) that were significant indicators of a deeper stratum in the winter than in the summer (Fig. 7) . When presence/absence data were applied, 2 additional species (bigfin eelpout and darkblotched rockfish Sebastes crameri) were indicators of seasonal changes, whereas Pacific sanddab was no longer an indicator of seasonal change.
Interannual variability in March community structure 1989-1994
March environmental conditions varied considerably among the 6 years of the study (Fig. 8) , in that 1989 was a cold La Niña year with the lowest surface temperatures of the 6 years, whereas 1992 was an El Niño year with the warmest surface temperatures. Of the 4 years for which bottom temperatures were available, the highest bottom temperatures in the shallower strata also occurred in 1992, but the warmest temperatures in deeper strata occurred in 1993. Bottom temperatures were colder at most depths in 1991 than in 1992 to 1994. On average, March 1989 and March 1993 were characterized by strong downwelling. In the other years, there was little or no net average up welling or downwelling.
Median catch-per-tow was highest in March 1990 and lowest in March 1994 and March 1991 (K-W, p < 0.01) (Fig. 9a) . Annual differences in H ' followed the same pattern (K-W, p < 0.01) (Fig. 9b) . Catch-per-tow and diversity were intermediate in the other 3 years. Ranked MRPP analysis revealed strong differences in community structure by depth during March 1989-1994 and statistically significant but much smaller differences in community structure by year (Table 2) . These results were nearly identical when presence/ absence data were used for the comparisons. Pairwise comparisons among years, when all depths were combined, indicated that 5 out of the 6 greatest differences were among pairs of years that included either the year of highest catch-per-tow, 1990, or the year of lowest catch-per-tow, 1994 (Table 4) . When each depth stratum was evaluated separately, interannual differences were significant at all depths; the greatest pairwise difference among years was between 1990 and 1994. This suggests that the differences in community structure among years were not simply due to changes at one particular depth.
Part of the explanation for the small differences among years is a change in species composition. Flatfish accounted for approximately 50% of catch-per-tow in 1989-1991 and accounted for nearly 60% of catch-pertow in 1992-1994 (Fig. 10) . The ~10% difference among these time periods was a result of higher catches of several relatively rare species in 1989-1991, as well as higher catches of a few numerically abundant species such as eulachon and Pacific herring Clupea pallasi.
Indicator species analysis identified species that were most representative of particular years in order to help explain the interannual patterns in community structure. A total of 15 species were statistically significant indicators of a particular year when all depths were aggregated (Table 5) were indicative of 1991 or 1994, the years with the lowest catch-per-tow and diversity. Of the indicator species, 8 were associated with 1990, the year of highest catch-per-tow and diversity. Eulachon was the species with the highest indicator value for 1990, followed by Pacific herring and whitebait smelt. All 3 are pelagic species that are occasionally caught in very high numbers in bottom trawls. Most of the indicator species for 1990 were most closely associated with outer shelf depth strata be tween 100 and 159 m (Table 5) . Three indicator species were associated with 1992, the year with the 2nd highest catch-per-tow. The species with the highest indicator value for March 1992 was Pacific tomcod, followed by speckled sanddab Citharichthys stigmaeus. Speckled sanddab was caught both in the shallowest stratum as juveniles and in deeper strata as small pre-juveniles that had recently settled from the plankton. In 1992, speckled sanddab was an indicator species because of its presence in the deeper strata (Table 5) .
DISCUSSION
Assemblages of small benthic fishes along the central Oregon coast were primarily structured by depth and secondarily by season. Stations on the mid-shelf generally clustered together, as did stations on the outer shelf and continental slope. While a number of species were important components of 2 or more station clusters (Table 3) , groups of co-occurring species generally corresponded to the depth gradient of station clusters (Fig. 6) . Assemblages based on large-mesh small (A-statistic indicates difference only 1.5% above random expectation) Year (6 years of March samples on Foulweather 0.088 0.087 < 0.01 Greatest differences are for 1990 and transect, 1989-1994) 1994. See Table 4   Table 2 . Results of multi-response permutation procedure (MRPP) for depth, season, and transect groupings in 1989 and for year and depth, based on March Foulweather transect samples 1989 to 1994. The MRPP A-statistic is chance-corrected within-group agreement and compares within-group homogeneity to random expectation. Results were based on both catch-per-tow and presence/absence data Table 1 for species in each family. Clup-Engr-Osmer represents a combination of species in the families Clupeidae, Engraulidae, and Osmeridae. Gadiformes is composed of species in the families Gadidae and Merlucciidae. Pleuronectiformes is com posed of species in the families Bothidae and Pleuronectidae There was a general gradation from assemblages dominated by flatfishes on the middle continental shelf to assemblages dominated by Pacific hake, eulachon, bottom-associated rockfishes, sablefish, and eelpouts on the outer shelf and upper continental slope off Oregon. Collections with large-mesh trawls in the Oregonian province generally do not reveal this transition, and instead indicate a greater importance of species such as Pacific hake and 211
Mid-shelf/winter
Outer shelf <160 m/ Mid-shelf/ Outer shelf and Outer shelf and winter summer slope/mixed season slope/summer Table 3 . Most important species in the 5 station groups identified through hierarchical cluster analysis for 1989 sampling. Roman numerals represent species clusters shown in Fig. 6 . Numbers in parentheses are ranks based on catch-per-tow followed by ranks based on frequency of occurrence. Species abbreviations are explained in Table 1 Blocks of different shades represent the percentage of total catch (normalized by stratum effort) within each depth stratum. Asterisks (**) indicate species that are significant indicators of shallower depth strata in the summer than in the winter, based on indicator species analysis. Species groups are the same as in Fig. 6 , and species abbreviations are explained in Table 1 various rockfish species on the mid-shelf and a greater importance of large adult flatfish such as Dover sole and arrowtooth flounder Atheresthes stomias, on the outer shelf and slope (e.g. Alton 1972 , Jay 1996 . These differences are probably due to the greater efficiency catching those species and life stages with large-mesh trawls and the greater efficiency of our small-mesh shrimp trawl for catching juvenile flatfishes that use the middle shelf as a nursery. Many species were at greater depths during winter than during summer, and 4 out of 5 of the identified station groups were most closely associated with a single season. The shift in seasonal distribution has previously been described for some species off Oregon (e.g. Demory 1971 ), but the range of affected taxa in the present study indicates that, at least for smaller individuals, this is a broader phenomenon than previously considered. Because many species appeared to shift distribution together, there was a relatively small influence of season on community structure, compared to the influence of depth. Large-mesh trawl studies in the Oregonian province generally have been conducted only during summer months and so have not addressed seasonal changes in community structure. An excep- 1989 1990 1991 1992 1993 1989 -1990 0 tion is Lee & Sampson (2000) , who found a significant but minimal correlation of species composition with month, compared to depth, but noted a distinct seasonal change in species composition over the mid-shelf that was con sistent with the movement of deepwater species onto the shelf during summer. Limited observations with smaller nets also support our observations. Demory (1971) described summer inshore movements of small individuals (<140 to 180 mm, depending on species) of 6 species of flatfish along the Oregon coast. The shift in distribution was on the order of 37 to 73 m in depth for these species. Pearcy (1978) also found a significant depth-season interaction for the distribution of small flatfishes and a few other species off Oregon, caused by larger catches at outer shelf stations in winter than in summer. Most studies from other areas have not evaluated seasonal changes in demersal fish community structure or have found only minor effects of season, compared to depth (e.g. Connell & Lincoln-Smith 1999 , Labropoulou & Papaconstantinou 2000 . Hyndes et al. (1999) did find a significant effect of season on community structure at the 5 to 35 m depth range because of a combination of ontogenetic movements, spawning migrations, and movement to feeding areas. A targeted measure of the depth-season interaction should be an important component of future work. Changes in the seasonal distribution of small individuals of several species may be related to physical or biological variables. Because a wide range of taxa are affected, this probably represents a response to broadscale factors. Colder low-oxygen water moves onto the continental shelf during the summer upwelling season and small fish may move further inshore to remain in warmer oxygenated water. Dissolved oxygen may be a particularly important factor since hypoxic conditions have been observed extending inshore to the inner continental shelf within the study area in recent years (Grantham et al. 2004 , Chan et al. 2008 authors' pers. obs. of dead invertebrates at 4 of our stations in September 1989) and reduced oxygen levels can affect feeding and growth (e.g. Tallqvist et al. 1999 , Stierhoff et al. 2006 .
Temperature may be a less important factor since differences among isobaths on the middle shelf appear small (Huyer 1977) . Also, spring nursery areas for juvenile Dover sole were found at the same depth in each year between 1991 and 1994, despite a 2 to 3°C difference in bottom temperature (Toole et al. 1997) , indicating a relatively small influence of temperature on their distribution. The summer inshore distribution of affected species also indicates that sediment is not a major factor in structuring assemblages on the Oregon shelf, since it does not change seasonally, and generally grades from coarse (sand) to fine (mud) with increasing depth. This is consistent with Pearcy's (1978) finding of little influence of sediment type on small fish assemblages off Oregon at stations with similar depths and different sediment types. Sediment is important in structuring some demersal fish communities (e.g. Mueter & Norcross 1999) , but this seems to be limited to areas with heterogeneous sediments at similar depths.
Biological factors that may influence the more inshore summer distribution include higher primary production within 10 to 20 km of shore during the upwelling season (Landry et al. 1989) , which would increase prey for epibenthic feeders (e.g. Pacific tomcod, smelts, speckled sanddab, Pacific sanddab, and petrale sole; Wakefield 1984) and also result in higher food production for infaunal feeders (Townsend & Cammen 1988 , Juan-Jordá et al. 2009 ). A more inshore distribution of small fishes may also limit competition with, or predation by, larger adults returning to the continental shelf following offshore winter spawning. Table 1 for species in each family. ClupOsmer represents a combination of species in the families Clupeidae and Osmeridae. Gadiformes is composed of species in the families Gadidae and Merlucciidae. Pleuronectiformes is composed of species in the families Bothidae and Pleuronectidae
We found that catch-per-tow decreased across the 50 to 400 m depth range during the summer, compared to the winter (Fig. 4c) . Our observation is contrary to that of Alton's (1972) large-mesh trawl survey, in which biomass between 91 and 411 m was higher during summer than during winter. He attributed the higher catches during summer months to the winter movement of adults of several species into deep-water spawning areas on the continental slope and to the latitudinal migration of Pacific hake to the Oregon coast during summer months. Our results are also contrary to the smallmesh beam trawl survey of Pearcy (1978) , who did not observe a seasonal change in total abundance on the Oregon shelf. The reasons for lower summer catch-pertow in our study are unclear but could be due to movement of small fish out of the study area, perhaps due to local hypoxia, mortality of spring-settling juvenile recruits, or a seasonal change in net efficiency and catchability. Because limited netsounder data indicated variations in the length of time that the net was on the bottom during each tow, it is possible that some differences in catch-per-tow represented increased effort rather than changes in abundance.
March community structure was similar among years, in spite of environmental conditions ranging from the cold La Niña of 1989 to the warm El Niño of 1992. The minor difference in species composition among years was primarily a result of changes in the relative proportion of smelt and herring, which are sometimes caught in large numbers in individual tows. Relatively large catches of these species occurred in 1989-1991, compared to 1992-1994 , with a proportional reduction in flatfish species in those years. Because these small pelagic species are short-lived (e.g. most eulachon return to freshwater to spawn at age 3 or 4; Wilson et al. 2006) , the change in species composition between the first 3 and last 3 years may have been in response to a change in recruitment of these pelagic species. The more stable proportional composition of most other species may be due to collection of multiple age classes of most species, which would reduce the influence of year-to-year variations in recruitment strength, or due to synchrony in recruitment of many species. In contrast, pelagic fish communities in this region show substantial interannual variation in response to changing ocean conditions (Brodeur et al. 2005 , Phillips et al. 2009 ).
Relatively stable demersal fish community structure, at least within the scale of a decade, has been noted in previous studies. For example, Jay (1996) found that most assemblages of large groundfish on the Pacific coast continental shelf and upper slope were encountered over the entire 15 yr period of his study. Lee & Sampson (2000) found remarkable stability in the structure of commercially caught groundfish assemblages over the 1987-1993 period, given the range of environmental conditions and the significant removals of some species by fisheries. Filtering or dampening of interannual recruitment variability by the presence of species with multiple age classes may in part account for this relative stability (e.g. Spencer & Collie 1997 , Collie et al. 2008 .
One of the principles of ecosystem-based fishery management is that 'multiple scales interact within and among ecosystems' (NMFS 1999) . Most of the information used for management of groundfish fisheries in the northern Oregonian province, including descriptions of the related community structure, is derived from commercial fisheries logbooks or from National Marine Fisheries Service (NMFS) summer surveys conducted with large-mesh groundfish trawls that target marketable adult fish (e.g. Rogers & Pikitch 1992 , Jay 1996 , Lee & Sampson 2000 , Tolimieri & Levin 2006 , Juan-Jordá et al. 2009 ). The current study used a smaller-mesh trawl and encompassed a more limited geographical area, but also included expanded seasonal coverage during 1989. The year-round sampling in 1989 allowed us to describe an important seasonal shift in depth distribution that affects a broader range of species than has been previously reported. The fish in this study were small, with mean lengths < 20 cm for most species, and included juveniles and small adults of commercially important species. Of the non-commercial species, 19 were important in our analysis (Table 1) , none of which were included in the analyses of Rogers & Pikitch (1992) , Jay (1996) , or Lee & Sampson (2000) , while Juan-Jordá et al. (2009) included 1 and Tolimieri & Levin (2006) included 4. Similarly, we did not include a number of common species reported in the other studies, presumably because our trawl was less efficient at catching larger and more mobile species. Even for the commercially important species, mean lengths of 11 common species in our study averaged 45% shorter (15 to 40% depending upon species) than in Weinberg's (1989) contemporaneous largemesh trawl survey in the same geographical area. In spite of the differences in gear selectivity and age and size of sampled fish, some results from our study were similar to results from large-mesh trawl surveys, while other results shed additional insights on community structure and considerations for ecosystem-based management. A full understanding of the soft-bottom demersal fish community structure in this geographic region will require consideration of information from collections based upon a range of gear types, in different seasons and under varying annual hydrographic conditions. 
